Introduction
============

Central venous catheters are the most common source of hospital-acquired bloodstream infections in the US. Each infection has an estimated additional cost of \$25,000/- per episode.[@b1-tcrm-14-1453] There are up to 250,000 episodes reported in the US per year, each episode increasing the cost and duration of the hospital stay.[@b2-tcrm-14-1453] The Centers for Disease Control and Prevention (CDC) has released many guidelines to help prevent and reduce catheter-related bloodstream infections, and this has helped bring down the rate of infections significantly.[@b3-tcrm-14-1453],[@b4-tcrm-14-1453] However, the number of central venous catheter-days remains close to 15 million catheter-days per year.[@b5-tcrm-14-1453] The CDC reports a 50% decrease in central line-associated bloodstream infection (CLABSI) rate from 2008 to 2014 and a 9% decrease between 2013 and 2014. The CDC introduced general guidelines to decrease and prevent CLABSI in 2009 (hospital acquired infections data reports on CDC website). Nevertheless, about 30,100 CLABSIs still occur in the intensive care units and wards of US acute care facilities each year.[@b6-tcrm-14-1453]

In addition to bloodstream infection, central lines are also associated with significant complications including bleeding, pneumothorax, and arrhythmias.[@b7-tcrm-14-1453]

Midline catheters are intravenous (IV) devices placed in deep peripheral veins (eg, basilic, brachial, cephalic) usually under ultrasound guidance. They are between 3 and 10 inches in length (8--25 cm), and their tips reside distal to the axillary vein.[@b8-tcrm-14-1453],[@b9-tcrm-14-1453] These catheters are termed "midlines" because they are longer than peripheral IV catheters, which are generally 1--3 inches long, and shorter than peripherally inserted central catheters (PICCs), which extend into the vena cava. Several studies have demonstrated that central line use can be decreased by the use of midline catheters.[@b10-tcrm-14-1453]--[@b13-tcrm-14-1453] Two studies recently showed that the use of central venous catheters was decreased by 80%--85% in an emergency department setting over the span of 5 years by using midlines instead.[@b11-tcrm-14-1453],[@b13-tcrm-14-1453] Another study recently demonstrated a decrease in the rate of CLABSI by introducing a midline program in a ventilator unit.[@b12-tcrm-14-1453]

In a recent 2-year study, the rate of bacteremia in midline catheters was reported to be 0.3%.[@b14-tcrm-14-1453] We wanted to study whether introducing a midline program can help bring the rate and incidence of CLABSI down in a small community hospital.

Materials and methods
=====================

This was a retrospective review of the data collected over the past 5 years from our infection control department. This study was determined to be a non-human subjects research, and a waiver for informed consent was granted by the University of Central Florida institutional review board. There were no patient identifiers used in this data for our study. We collected data on the number of central line catheter-days per year starting from 2012. We also collected data on the total number of patient days during this period and the number of CLABSI.

We started CDC-based recommendations to help decrease CLABSI in June 2014; this included the use of the central venous catheters (CVC) insertion bundles and CVC maintenance bundle. Chlorhexidine baths were also given to all patients with a central line.

We started a midline program in June 2015. With the introduction of this program, we replaced central lines in the hospital whenever possible by midlines. We had a vascular access team available to do this. All emergency central lines and central lines placed for total parental nutrition and ionotropic medications were replaced when possible by midlines. Central lines placed for difficult IV access were replaced by midlines. We then compared the bloodstream infection rate from these periods. We excluded infections in central line ports for chemotherapy and infections in hemodialysis catheters, as these cannot be replaced by midlines. Various data including the organism cultured, and the location in the hospital where the central line was placed, were also accumulated.

The number of catheter-days for any calendar year was determined by the sum total number of central line catheters in the hospital each day for that calendar year. Thus, the annual CLABSI rate is reported as the total number of CLABSI/total number of catheter-days×1,000 for each calendar year.

The data from 2012 and 2013 were compared to 2014 after the institution of CDC recommendations for CVC maintenance bundle. Then, the data from 2012 and 2013 were compared to 2015 onward -- the period wherein we instituted the combined use of CVC maintenance bundle and the midline protocol.

For our statistical analysis, we used the data analysis firm called Instat Services Inc. (San Diego, CA, USA). They compared the rates of infections using the Fisher's exact test to compare different interventions.

Results
=======

When we introduced the universal CVC bundle recommended by the CDC, the CLABSI rate decreased, but not significantly (*P*=0.5768). However, the addition of midline program to replace central lines reduced the CLABSI rate significantly as compared to the use of CVC bundle alone ([Table 1](#t1-tcrm-14-1453){ref-type="table"}). Moreover, the combination of the CVC bundle plus the midline program was very significant in terms of CLABSI reduction when compared with the previous period during which there were no measures in place (*P*=0.003 and *P*=0.0113, respectively).

The total number of catheter-days also fell significantly ([Table 2](#t2-tcrm-14-1453){ref-type="table"}), and the catheter-days per patient-day had a significant drop as well (*P*\<0.001).

Fisher's exact test was used to calculate significance (analysis provided by Instat Services Inc.).

Discussion
==========

Central lines are necessary and help in improving the management of patients. When needed for the delivery of vesicant medications, inotropic medications, and management of intensive care unit patients, there are few options besides large-bore central line access. However, with the associated complications and CLABSIs, we should try other alternatives as well. Midlines are an excellent mode of venous access that, like central lines, can deliver large-volume fluids and can be placed for up to 4 weeks at a time.[@b9-tcrm-14-1453],[@b10-tcrm-14-1453],[@b12-tcrm-14-1453] With a bloodstream infection rate of only 0.3%, they are much safer and less complicated than central lines.[@b14-tcrm-14-1453]

Midline catheters are peripheral IV access devices between 3 and 10 inches in length (8--25 cm). These catheters are generally placed under ultrasound guidance in proximal veins such as the brachial or cephalic with the tip distal to the axillary vein.[@b12-tcrm-14-1453] Newer midlines made of novel co-polymers and treated for reduced biofilm formation are safer than the older ones and cause less thrombophlebitis. Midlines can easily be inserted by a trained vascular access nurse instead of a physician, unlike central lines. We do not need X-rays to confirm the position, as we do for central lines. It is an easy procedure and takes only a few months to set up a vascular access team with the experience to place midlines and PICC lines. Some hospitals already have special nurses trained to insert PICC lines; to teach them midline insertion takes very little time.

Studies have already shown that starting a midline program can decrease the overall number of central lines inserted in a hospital emergency room.[@b10-tcrm-14-1453]--[@b13-tcrm-14-1453] The greatest number of infections associated with central lines are from those inserted in emergency situations where standard precautions may not be possible. Other studies have shown that a midline program can reduce the overall number of catheter-days and CLABSI rate in a ventilator unit.

Our study shows that midlines can decrease the overall incidence of CLABSIs in a community hospital after a midline program is initiated.

It saves the cost in a number of ways: Inserted by a nurse rather than a physician.No post-insertion X-ray needed to confirm position.Decreases the incidence of CLABSI and the associated costs to the hospital.Patients who require to be discharged with IV medications can go home or to the nursing home with a midline.No complications such as bleeding, pneumothorax, or cardiac arrhythmias.The chance of getting a deep vein thrombosis is \<2% as opposed to 1%--38.5% with a PICC line.[@b14-tcrm-14-1453],[@b15-tcrm-14-1453]

Setting up a midline program will also help other nursing units when there is difficulty in IV access. Midlines will eliminate the need for central lines for conditions such as long-term venous access, difficult venous access, irritable medication infusions, and large volume infusions. More recently invented midlines boast a near-zero bloodstream infection rate with proper insertion techniques.

Conclusion
==========

The setting up of a vascular access program in a hospital where midlines are used to replace central lines when feasible significantly decreases the number of catheter-days within the hospital and also significantly reduces the rate of CLABSI alone or in combination with universal CDC recommendations, including CVC bundle. We recommend hospitals to develop a midline program to help reduce the use of central line catheters when possible. This will help to reduce the total number of catheter-days and the infection rate associated with them.
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###### 

Data broken up into periods when CDC guidelines were implemented alone and when CDC guidelines were implemented along with the midline program

                               Prior to CVC guidelines   After CVC guidelines alone   After CVC guidelines and midline program
  ---------------------------- ------------------------- ---------------------------- ------------------------------------------
  Infections/catheter-days     23/5,977 (0.385%)         9/3,117 (0.289%)             2/4,275 (0.047%)
  Catheter-days/patient-days   5,977/104,353             3,117/59,189                 4,275/127,401

**Abbreviations:** CDC, Centers for Disease Control and Prevention; CVC, central venous catheters.

###### 

Total catheter-days and infections in the divided time periods along with the total patient-days and the CLABSI rate/1,000 catheter-days

  Period                 Catheter-days   Infections   CLABSI rate/1,000 catheter-days   Total number of patient-days
  ---------------------- --------------- ------------ --------------------------------- ------------------------------
  July 2012--June 2013   3,655           13           3.55                              51,135
  July 2013--June 2014   2,232           10           4.48                              53,218
  July 2014--June 2015   3,117           9            2.88                              59,189
  July 2015--June 2016   2,547           2            0.78                              62,835
  July 2016--June 2017   1,728           0            0                                 64,566

**Abbreviation:** CLA BSI, central line-associated bloodstream infection.
